Although the histopathologic changes associated with Cyclospora cayetanensis infection have been previously described, the histopathology and the appearance of various life cycle stages have not been correlated with severity, stage, and duration of clinical disease. We report a prospective clinical investigation of disease characteristics and histopathologic findings in three otherwise healthy, immunocompetent patients with symptomatic C. cayetanensis infection, the duration of which ranged from 6 to 60 days. Varying degrees of gross and microscopic gastrointestinal inflammation were seen before treatment. An electron-dense phospholipid membrane/myelin-like material was variably present both before and after treatment. The greatest amount of myelin-like material was seen in the patient with prolonged disease. The results of our study suggest that inflammatory changes associated with C. cayetanensis infection may persist beyond parasite eradication. It is intriguing to speculate that the myelin-like material is a marker for persistent inflammation, but further study and confirmation are needed.
Cyclospora cayetanensis is a coccidian parasite that is assoin developed countries of a newly described organism is unclear. ciated with a syndrome of gastrointestinal illness and extreme fatigue. The parasite's life cycle and the mechanisms by which
In the spring of 1995, a small outbreak of communityacquired infection was described in residents of New York and it interacts with human host target cells to cause disease are poorly understood. Early descriptions of the clinical illness Florida [5] . In 1996, a large outbreak of cyclosporiasis occurred in North America, affecting ú1,400 persons in 20 states and associated with this organism suggest it is an upper gastrointestinal pathogen. Impairment of D-xylose absorption, docutwo Canadian provinces [6] . A total of 161 laboratory-confirmed cases of C. cayetanensis infection were identified in mented in some C. cayetanensis -infected patients, implies involvement of the proximal small bowel [1] . Light microNew York City between May and August 1996. This provided an opportunity to further evaluate the clinical illness, endoscopic examination of small intestinal tissue samples obtained in a case-control endoscopic study during a seasonal outbreak scopic features, and histopathology of C. cayetanensis infection and compare the findings with those obtained previously in of C. cayetanensis infection in Nepal revealed striking histologic changes: acute and chronic inflammation, disruption of Nepal. surface epithelium, villous atrophy, and crypt hyperplasia [2] . Although oocysts were detected in duodenal aspirates from two Materials and Methods patients, they were not seen in tissue samples examined by electron microscopy.
Parasitologic examination of stool and duodenal aspirate. C. cayetanensis infections have been detected in many parts Stool samples and duodenal aspirates were concentrated by of the developing world. Predictable seasonal outbreaks in Necentrifugation. Iodine-stained wet mounts and stained smears pal have provided the opportunity for study of the clinical were examined for ova and parasites. Special stains were used illness and its epidemiology and for confirming that cotrimoxato detect microsporidia and coccidian organisms. The presence zole is an effective treatment [3, 4] . The few cases that were of C. cayetanensis was confirmed by the finding of 8-to 10-reported from the United States and other developed countries mm spherical organisms by means of light microscopic examibefore 1995 mostly occurred in returning travelers. Whether nation of modified acid-fast stained smears. All stool specimens this reflected a low incidence of infection or under-recognition were cultured for bacterial enteric pathogens. Endoscopic procedure. Upper gastrointestinal endoscopy was done by the same gastroenterologist. Patients were asked to fast overnight. Topical anesthesia was achieved by use of a Figure 1 . Intraepithelial organisms within parasitophorous vacuoles by electron microscopy of paraffin-processed tissue. A, Villous apex showing distribution of intraepithelial organisms (arrows) within parasitophorous vacuoles (original magnification, 1400; bar Å 10 mm). B, Multiple infection of an enterocyte with two schizonts containing numerous merozoites (at right) (original magnification, 13,000; bar Å 1 mm). C, Budding of merozoites (ectomerogony) from meront cytoplasm (at left; see also figure 2). Meront (at right; trophozoite, uninucleate schizont) (original magnification, 13,000; bar Å 1 mm).
Histopathologic examination of intestinal tissue specimens.
bowel had been exacerbated by frequent work-related travel but resolved completely with careful attention to diet and Duodenal biopsy specimens were paraffin-processed, glutaralavoidance of lactose-containing products. He had been sympdehyde-fixed, serially sectioned, and examined by means of tom-free since mid-1995. He also had a history of recurrent light and electron microscopy (EM).
prostatitis, most recently treated with trimethoprim-sulfamethoxazole in December 1995. In August 1993, a tubular Results adenoma with moderate-to high-grade dysplasia was removed at colonoscopy.
Patient 1
On presentation, he was afebrile, and results of an abdomCase report. A 39-year-old man who lived in New York inal examination were normal. Upper gastrointestinal enCity developed nausea, abdominal cramping, diarrhea, and a doscopy was done on 10 June 1996. Submucosal hemorfever of 38.3ЊC on 4 June 1996. Abdominal cramping and rhages of the gastric antrum with mild associated erythema diarrhea persisted, and the next day he noted onset of extreme and friability of the duodenal bulb and erythema of the fatigue. Although initial improvement was noted after therapy postbulbar duodenum were noted. A tissue sample of the with ciprofloxacin was begun, fatigue, abdominal cramping, gastric antrum was negative for Helicobacter pylori by rapid and watery diarrhea with associated anorexia recurred within urease test. A duodenal aspirate sample was negative for 24 hours. Loperamide had no effect on stool frequency.
parasites, including C. cayetanensis. Mild nonspecific The patient had a 10-year history of irritable bowel synchronic inflammatory infiltrates in the lamina propria with drome characterized by intermittent episodes of chronic diarlargely preserved villous architecture were seen in duodenal rhea. Radiography of the small bowel showed mild inflamtissue. Many C. cayetanensis oocysts but no other enteric pathogens were detected in stool. The patient began receivmatory changes in the distal ileum. His symptoms of irritable / 9c68$$ju07 05-11-99 11:08:05 cida UC: CID ing trimethoprim-sulfamethoxazole, double strength, b.i.d., on 11 June 1996. Three days later all of his symptoms On 6 September 1996, a follow-up stool examination yielded resolved.
negative results for C. cayetanensis and all other enteric patho-EM examination of endoscopically obtained biopsy specigens. Repeat upper gastrointestinal endoscopy was normal exmens revealed pronounced enterocyte vacuolization and abuncept for mild prepyloric antral erythema. Samples of duodenal dant intraepithelial reactive cells. Numerous intraenterocytic aspirate were negative for parasites, including C. cayetanensis. coccidial organisms within parasitophorous vacuoles were Duodenal biopsies revealed nonspecific chronic inflammation of the lamina propria and intact villous architecture. present, predominantly in apical areas (figure 1A). There was EM examination of specimens obtained at follow-up. The a decreasing density of organisms along the sides of the villi, ultrastructure of duodenal tissue appeared normal. Focally, and none were seen in the crypts. Single enterocytes were there was vacuolization and gapping of enterocytes, with infremultiply infected (figure 1B).
quent appearance of an electron-dense phospholipid membrane/ Merogony/schizogony was evident. Uninucleate predivisional organisms within the host cell cytoplasm were roughly spherical and measured 3 mm in diameter (figure 1C). Cytoplasmic organelles seen at this phase included micronemes, subpellicular microtubules, and mitochondria.
Merozoite genesis appeared to have occurred via ectomerogony; daughter individuals were seen budding off of the larger parental cytoplasm (figure 2). Up to 11 individual merozoites were observed within a single schizont wall (with presumably at least one additional organism out of the section plane). It appears that merozoites underwent enlargement within the parasitophorous vacuole. Fusiform zoites measured 1 1 3 mm when discharged into the duodenal lumen as the host cell ruptured (figure 3). Mature individual merozoites displayed a characteristic apical complex and possessed an array of 21 subpellicular microtubules. Also present were rhoptries, micronemes, amylopectin-like granules, a single nucleus, and mitochondria ( figures 3, 4) . Crystalline polar refractile bodies were not evident; also not seen in any developing individuals were the flagella or wall-forming bodies of micro-or He was afebrile with a normal abdominal examination. Examination of stool revealed a few C. cayetanensis oocysts but a single coccidian organism was identified. The individual organism was seen in the supranuclear cytoplasm and appeared no other enteric pathogens. Upper gastrointestinal endoscopy revealed patchy erythema of the gastric antrum body, cardia, to be a merozoite in cross-section with a diameter of 2.5 mm. Micronemes and subpellicular microtubules were evident in and fundus and friability of the duodenal bulb. Erythema and edema of the postbulbar duodenum were also noted. Numerous the organism's cytoplasm, and its surface contained MLM. No parasitophorous vacuole was seen, raising the possibility that curved bacilli consistent with H. pylori were identified in the gastric antrum. Biopsies of the distal duodenum revealed conthis organism had just entered the host cell.
A repeat stool examination on 19 July 1996 was negative gestion and edematous duodenal mucosa, with mild variation in villous shape. No microorganisms were seen in duodenal for enteric pathogens, including C. cayetanensis. Results of upper gastrointestinal endoscopy on the same day were normal. aspirate specimens.
EM examination of two duodenal tissue specimens.
No para-A duodenal aspirate sample was negative for ova and parasites, including C. cayetanensis, and biopsies revealed normal duodesitic organisms were seen by light microscopic examination of duodenal tissue. The prominent pathologic feature was the nal mucosa.
EM examination of duodenal biopsy specimens obtained at marked accumulation of electron-dense MLM ( figure 5 ). Accumulations were seen primarily in the large number of suprabasal the follow-up endoscopy revealed normal ultrastructure with only a mild increase in intraepithelial lymphocytes. MLM was spaces separating many of the enterocytes; in many areas of the apices and sides of the villi, spaces with MLM were sufficiently not apparent.
numerous so as to alternate with the enterocytes. MLM was frequently seen wedged between the upper edges of the epithelial / 9c68$$ju07 05-11-99 11:08:05 cida UC: CID study of 17 patients who underwent endoscopy, Ortega et al. [7] described the finding of gametocytes by both light and electron microscopy. However, the report does not provide information regarding the number of sexual forms found in any one specimen or the number of specimens from different patients found to have sexual forms. Furthermore, no details are provided as to when the sexual phases were seen with respect to illness onset (e.g., early, late, at any time). Before the report of Ortega et al. [7] , various attempts to demonstrate sexual phases of C. cayetanensis had failed [8, 9] . Despite an exhaustive search, we were unable to identify sexual phases of the life cycle in our specimens. This may reflect a paucity of these organisms in the intestinal cells, perhaps owing to their presence in extraintestinal sites such as the liver or biliary tree (as is true for related coccidian organisms such as Cryptosporidium) [10, 11] , or a short-lived presence such that the within the enterocyte, most commonly midway between the nucleus and brush border and always closer to the villous surface. In our three patients, it appears that as clinical disease Because of his allergy to sulfa and no proven alternative evolved, the organisms were eradicated, thus lending support therapy for C. cayetanensis, no additional antibiotic therapy to the self-limiting nature of this infection that was noted in was offered. The patient returned to Sweden before his return studies in Nepal before identification of known efficacious therto Kathmandu. Symptoms of abdominal cramping, diarrhea, apy. Interestingly, the dense MLM appeared in the later stages and fatigue persisted, and he developed peptic symptoms with of disease. The finding that one patient (patient 3) continued acid reflux and gnawing epigastric pain and was treated with a to be symptomatic 60 days after illness onset, despite the abproton pump inhibitor and antibiotics for H. pylori. Intermittent sence of parasites, suggests the presence of an ongoing indiarrhea and fatigue persisted for several weeks after his return flammatory or immunologic process. Further support for this to Kathmandu.
hypothesis is the fact that patient 3 had previously been infected with C. cayetanensis in 1995. The presence of large amounts of MLM suggests that it may be either a marker of or a contribDiscussion utor to an as-yet-uncharacterized process. In patient 2, who had had the illness for Ç1 month, only one organism was seen Infection with coccidia generally occurs when sporulated oocysts are ingested and excyst in the proximal small bowel. The and only after an exhaustive search. In addition, the MLM was identified (table 1). sporozoites that are released invade the intestinal epithelial cells, where they develop into trophozoites and undergo schizogony, These findings led to a retrospective review of the EM material obtained from patients in the 1991 Nepal endoscopic study with a resultant merozoite-containing schizont. These merozoites are extruded and can invade other epithelial cells. In this way, a [2] . We confirmed the absence of parasites in those specimens. However, a consistent finding was the presence of MLM, which continued propagation of symptoms may occur as new merozoites may undergo further asexual cycles and/or develop into macat the time had been dismissed as artifact. An exhaustive literature search and personal communication with several patholoro-or microgametes. When these latter forms fertilize, an oocyst results, which subsequently is passed in stool.
gists and parasitologists did not provide much enlightenment as to the nature and significance of the presence of MLM. In our Our EM findings support the contention that sporulated C. cayetanensis organisms excyst in the small bowel and enter experience, scarce to modest amounts of MLM are a common finding in association with upper gastrointestinal protozoal inthe epithelial cell. Only asexual phases of the C. cayetanensis life cycle were found in our study. All were found within a fections, including those due to Cryptosporidium, Microsporidium, Isospora, and Giardia species. The amount of MLM membrane-bound vacuole that separated the intracellular coccidia from the host cell cytoplasm, a parasitophorous vacuole.
observed in specimens obtained in the 1991 Nepal study and in the study described herein was far greater than is commonly All observed organisms were comparable to the type I meront recently described for C. cayetanensis [7] . Because C. cayetaseen with other intestinal infections. One could speculate that it is a marker for cell injury. It has been demonstrated in other nensis -infected patients excrete unsporulated oocysts in their stools, it is assumed that the organism completes the sexual coccidia, notably Isospora suis [12, 13] , that particular meront (asexual phase) subtypes retain motility and have the ability phase of its life cycle within the human host. In fact, in a recent / 9c68$$ju07 05-11-99 11:08:05 cida UC: CID
